Shandong University. Animals received a standard diet and water and were cared in accordance with the Principles of Laboratory Animal Care (NIH publication No. 86-23, revised 1985) as well as the China Committee of Animal Experimentation. Full-thickness skin from the backs of C57BL/6 mice (H-2b, donor) was transplanted onto that of BALB/c mice (H-2d, recipient) using standard techniques in allograft group (H-2b to H-2d) and in syngeneic graft group (H-2d to H-2d). Bandages were removed at day 5 post-transplant. Skin grafts were scored twice daily. Each graft was considered rejected when 60% or more of the graft tissue was destroyed (Silva et al. 2006) , by the macroscopic appearance of graft necrosis, followed by histopathological confirmation.
Experimental group
All mice (n = 160) were randomly divided into three groups: control group (pre-transplant healthy individuals, n = 30); allograft group (C57BL/6 to BALB/c, n = 65); syngeneic graft group (BALB/c to BALB/c, n = 65).
Blood sample
Five mice from each experimental group were sacrificed for peripheral blood samples every day (day 2-14) after skin transplantation. PBLs samples were collected daily for up to 2 weeks post-transplant and were isolated initially from heparinized whole blood by density gradient centrifugation on a lymphocyte separation agent (TBD, Tianjin, China), and deposited in glassware for one hour at room temperature (25°C). Lymphocytes were obtained from suspended cells.
Biopsies
Biopsies from the allografts and syngeneic grafts were processed after transplantation. The necrotic tissues caused by inappropriate operation were not chosen in our study. The biopsies were fixed in 4% formalin solution, embedded in paraffin, and cut into 5-μ m sections and stained with hematoxylin-eosin. The fullthickness skin transplants rejection was graded according to Bejarano's approach (Bejarano et al. 2004 ) as follows. Grade 0: no rejection and no perivascular infiltrates. Grade 1: up to 10% of vessels showing infiltrates of small lymphocytes. Grade 2: mild rejection with 11% to 50% of vessels being infiltrated by small lymphocytes. Eosinophils and mild spongiosis may or may not be present. No epidermal infiltrates, stromal infiltrates or large lymphocytes are seen. Grade 3: moderate rejection with greater than 50% of vessels showing lymphocyte infilnoninvasive monitoring markers, such as peripheral blood lymphocytes (PBLs) CD4/CD8 ratios, interleukin (IL)-2, IL-6, tumor necrosis factor (TNF) cytokines, C-reactive protein, and serum soluble CD30 have been used in clinical practice. However, the sensitivities and specificities of these markers are not satisfactory when used for post-transplant monitoring of immunological status of allograft recipients.
Recently the major histocompatibility complex (MHC) has attracted attention. First, the gene expression of lymphocyte marker HLA-DR (MHC-II), perforin and granzyme B mRNA in PBLs have been proposed as noninvasive markers for kidney transplantation rejection (Sabek et al. 2002) . Serum soluble HLA-I (MHC-I) has also been used to detect acute rejection in kidney and liver transplantation (Mathew et al. 1996; Borelli et al. 1999) . However, the concentration of soluble HLA-I is very low in blood serum and the quantitative method of enzyme-linked immunosorbent assay (ELASA) can not meet the clinical need in sensitivity and specificity.
Lymphocytes expressed abundant MHC-I molecules that appeared consistently in acutely rejecting transplants. Currently, there was few research about the role of MHC-I gene expression in PBLs during AR. In our study, the non-polymorphic sequence of MHC gene was selected to design primers and the expression levels of MHC-I and -II mRNAs were quantitatively measured using real time PCR during AR. Furthermore, we studied the correlations between the expression of MHC-I and -II mRNAs and the pathological changes of the skin graft. The purpose of this study was to explore the variations of MHC-I mRNA expression level in AR and assess the possibility of its expression as an early marker of AR.
MATERIALS AND METHODS

Animal model
Purified inbred Specific Pathogen Free (SPF) C57BL/6 and BALB/c mice (male, weighing 20-25 g) were obtained from Institute of Zoology of Chinese Academy of Sciences (Beijing, China). The experimental protocol was approved by Ethical Committee of trates that may be accompanied by epidermal and stromal inflammation. Spongiosis is absent or mild. Endothelial plumping, eosinophils, and large lymphocytes may be seen. Grade 4: severe rejection with greater than 50% of vessels show infiltrates, but different from moderate rejection, there is dyskeratosis and the epidermis shows heavier lymphocyte infiltrates and moderate to severe spongiosis. The stroma shows infiltrates extending into the base of the epidermis. Endothelial plumping or necrosis, eosinophils, and large lymphocytes are present.
RNA extraction and real-time PCR
Total RNA was extracted from lymphocytes (concentration was 3 × 10 6 /ml) using TRIZOL (Invitrogen Corp., Carlsbad, CA, USA). Total RNA was briefly performed to RNAase-free DNAase I (DNA-free; Ambio Inc., NY, USA) to remove any residual genomic DNA, and 1 μ g reverse transcribed to cDNA using M-MLV Reverse Transcriptase (Promega, Madison, WI, USA). Primers were designed using Primer Express Software (Applied Biosystems, Foster, CA, USA). Beta-actin was chosen as an internal standard. All primers were obtained from Invitrogen Corp. The expression of MHC-I and -II mRNAs were determined using the Lighter Cycler 2.0 real-time quantitative PCR instrument (Roche, Grenzacherstrasse, Basel, Switzerland). All PCR reagents and protocol were provided by the manufacture from the Sybr-green real-time PCR kit (TaKaRa, Dalian, China). A typical reaction contained 1 ng total RNA and SYBR Premix Ex Taq TM 10 μ l in 20 μ l reaction volume. Primers were added at a final concentration of 300 nM. The PCR reaction consisted of heating at 95°C for 10 sec, and at 64°C for 1 min and 45 cycles followed by the thermal denaturation protocol. The expression of MHC-I and -II mRNAs compared to beta-actin mRNAs was measured as increased fluorescence, corresponding to amplification and degradation. The cycle number at which the threshold line intersects the linear curve for each sample was used to determine the threshold cycle (C T ) value.
Sample data calculation, statistical analysis
The relative values of gene amplification were calculated using the equation: 2 CT (Jan et al. 2006) . For the prediction of rejection, the control samples were chosen for calibration. The post-transplant samples were examined to reflect individual dynamic differences in both immune system activity and response to allograft antigen. All the data were analyzed by SPSS 13.0 (SPSS Inc., Chicago, IL, USA). The results are shown as mean values ± S.D. with differences groups. A Shapiro-Wilk's test for normality was performed prior to the analysis of data to allow appropriate parametric or nonparametric statistical tests to be used. Serial measurements were compared using ANOVA techniques with inter-comparison using student's t-tests. A p value less than 0.05 was regarded as a significant difference, and less than 0.01 as highly significant.
RESULTS
Allograft rejection macroscopical analysis
All mice survived were healthy and gained weight. Each graft was examined daily from day 2 post-transplant and was considered absolutely rejected macroscopically when 60% or more graft tissue was destroyed (Fig. 1) . The absolute rejection was firstly macroscopically presented averagely at day 11 after transplantation in allograft group. Syngeneic grafted controls grew well and no skin rejection was observed.
Pathological analysis of allograft rejection
Pathological evidence of acute grafts rejection demonstrated severe lymphocytes and monocytes infiltration in the epidermis in allograft group. On the other hand, no obvious infiltration was observed in syngeneic graft group (Fig. 2) . In allograft group, grade 0-1 of AR appeared from day 2 to 4 post-transplant, grade 2 appeared from day 5 to 7, grade 3 appeared from day 8 to 12 and grade 4 (severe rejection) appeared from day 13 to 14.
Analysis of PBLs MHC-I and -II mRNA expression
Based on the standard and validated assay, we investigated the relationship between the target gene expression, histopathological evidence and macroscopical presence in AR. MHC-I and -II mRNAs expression levels did not show any obvious changes in the syngeneic graft group (Fig.  3, Table 1 ). However, MHC-I and -II mRNAs levels were elevated, showing bimodal distribution pattern in accordance with AR in allograft group (Fig. 4) .
MHC-I mRNA expression increased signifi-cantly from day 5 post-transplant (corresponding to grade 2) to reach the first peak at day 7, then slowly decreased, and increased again to form the second peak at day 11, corresponding to the grade 3-4. Noticeably, the low valley point levels which appeared at day 9 post-transplant were still higher than pre-transplant levels. It was evident that the significantly increased expression of MHC-I mRNA appeared earlier approximately 5 to 6 days than graft rejection manifested macroscopically. Compared with MHC-II level, MHC-I mRNA expression level was higher and lasted longer (Fig. 4A) . The expression levels of two loci of MHC-I gene, H-2K and H-2D, were also analyzed. H-2K mRNA expression seemed higher than H-2D in the first peak (Fig. 4B) . About 94% of allograft samples (61 of 65) showed increased expression levels of H-2K mRNA at post-transplant than pre-transplant level during AR ( p < 0.01).
DISCUSSION
The major target antigen of immune response to allogeneic tissues was MHC molecules on donor cells. Classical MHC-I molecules included H-2K, H-2D, and MHC-II included H-2Ia, H-2Ie in mice (Klein et al. 1983 ). MHC-II (HLA-DR) gene expression as a diagnostic marker during AR of kidney and liver (Davenport et al. 1996) allograft have been reported, but there were few studies on the MHC-I mRNA levels in PBLs in animal models of AR. In contrast to previous studies that measured gene expression in peripheral blood samples, we detected MHC-I (H-2K, H-2D) and -II (H-2Ia, H-2Ie) mRNAs expression serially in PBLs during the entire process of acute rejection in murine skin transplantation model.
The MHC transcriptional levels were selected to examine because MHC molecules were highly polymorphic and difficult for quantitative comparison among different individuals. The exon 2 and 3 of MHC-I gene were highly polymorphic and related to transplants match. Both exon 4 and exon 5 were non-polymorphic. This non-polymorphic sequence of MHC-I gene were chosen to design primers that was used to quantitatively measure the expression of MHC-I and -II mRNAs with real time PCR. Real time PCR is rapid, hypersensitive, and reproducible with a wide dynamic range. Peripheral blood was cho- sen as the sample source because it was a noninvasive sampling procedure and has previously been shown to correspond to intragraft gene expression (Vasconcellos et al. 1998 ).
Our results showed that MHC-I and -II mRNAs expression were up-regulated during AR. One possible explanation was that MHC-II was recognized as T-lymphocytes activation marker (Sheldon and Poulten 2006) . When AR occurs, T-lymphocytes were activated and host cellular immunity and humoral immunity were enhanced, which may trigger the greater expression of MHC-II molecules. Wang et al. (1999) also have confirmed that the elevated MHC-I expression may protect T-cells from antibody-and macrophage-mediated deletion and contribute to the maintenance of low CD95 expression and up-regulated CD28 expression on T-cells. The mechanism involved in the higher transcription of MHC gene expression may be more complex in AR and needs to be studied further. The density of one specific peptide-MHC complex required a minimum of 200 molecules to allow T cell recognition and lysis by cytotoxic T lymphocytes (CTL). Therefore, the increased expression levels of MHC-I mRNAs could contribute to the immunological response.
Interestingly, MHC gene expression levels were distributed in a bimodal form (high and low) in the process of AR (Fig. 4) . To explain this tendency, we also attempted to investigate the expression of FasL mRNAs, another accepted marker for AR, in PBLs with real time PCR. The results indicated that the FasL mRNAs expression were elevated at day 8 to 10 post-transplant and exceeded its pre-operation levels in AR (data not shown). The high expression of FasL mRNAs may contribute to T-lymphocytes apoptosis. In our study, the expression level of MHC-I (H-2K) mRNA was higher and lasted longer than that of MHC-II (H-2Ie) mRNA, especially during the first peak at day 7 post-transplant. Also the expression of H-2K mRNA seemed higher than H-2D during the first peak. 61 of 65 (93.84%) allograft samples showed increased level of H-2K mRNA at post-transplant than at pre-transplant level during AR. Consequently, since the increased levels of MHC-I mRNA, especially H-2K mRNA, appeared earlier and higher, it may be used as an effective monitoring marker in the primary stage of acute rejection.
It has been demonstrated that some patients without evidence of clinical rejection still exhibited inflammatory and cytotoxic tendencies. This phenomenon was called "subclinical" rejection (Rush 2004) . Subclinical rejection may represent a substantial proportion of graft rejection, of which the pathogenicity has not been recognized because of the lack of sensitive detection methods. The biopsy has the drawbacks of invasive risk and cost in the pathological diagnosis of subclinical rejection. Earlier detection of the subclinical rejection would be beneficial to the long-term graft. H-2K mRNA expression in PBLs increased during the primary stage of host immunological response to allograft at day 4 post-transplant, corresponding to pathological rejection grade 1 (Fig.  3) , and appeared earlier approximately 5 to 6 days than graft rejection observed grossly. Thus, the higher the level of H-2K mRNA expression at the early stage of acute rejection, the more valuable it will become in the clinical settings.
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